The paper deals with the robust control of air-flow in air-heating set. The identification is perrfomred using step responses and approximation via second order system. The controller is designed using the structured singular value (SSV or µ) and algebraic approach. Since the cost function is nonconvex the optimization cannot be done using standard tools. Hence an evolutionary algorithm -Differential Migration (DM) is employed yielding good results in this case. The functionality of the comtroller is verified though experiments on the real plant.
INTRODUCTION
This contribution is another article documenting the power of the robust control in practical design. The robust control treats both parametric and dynamic structured uncertainties. The most advanced methods in the field are derived from Zames' small gain theorem (Zames 1981) and consequent structured singular value theory denoted SSV or µ yielding the tools for both the robust stability and performance evaluation taking into account the parametric and dynamic structured uncertainties (Doyle 1982) . There are two well known methods for derivation of the controller: the D-K iteration (Doyle 1985) and µ-K iteration (Lin et al. 1993) . In these two methods, the state-space formulae for the H ∞ suboptimal controller (Doyle et al. 1989, Gahinet and Apkarian 1994) imply the necessity of the open-loop to be stable. This requirement is a limiting factor for achieving the asymptotic tracking. The cure is the algebraic approach , Dlapa and Prokop 2010 , Dlapa 2011 solving the issue and yielding simple controllers with no degradation consequent upon the simplification of the controller.
In this paper, the algebraic approach and D-K iteration are applied to control of the air flow in an air-heating set with nonlinear behaviour and the results are compared with other standard methods. The controllers are verified through experiments on the real plant.
CONTROL OF AIR-HEATING TUNNEL
The laboratory plant has three control signals and seven measured quantities (see Table 1 and Figure 1 and 2) . The control signals are the voltage on the bulb and the main and secondary fan. The control signals are generated by the CTRL unit connected to a standard IBM PC computer via serial port. The CTRL unit generates analogue signals to the transformation and unification unit giving the right voltage for the actuators. Similarly the analogue signals from sensors are transformed to the unified voltage 0 -10 V. 
IDENTIFICATION
The response to stepwise changes of the voltage on the main fan is in Figure 3 
µ-SYNTHESIS
The nominal plant has its parameters equal to mid values:
Parameter uncertainty is treated by additive and two quotient uncertainties connected in serial interconnection (see Figure 5 ).
The set P 27 can be treated via LFT as follows 
The algebraic µ-synthesis is performed for the interconnection in Figure 7 and the perturbation matrix in the form: 
The aim of synthesis is to design a controller which satisfies the condition: are particular solutions of (12) and T is an arbitrary element of R PS .
Figure 9. Nominal feedback loop
The controller K satisfying equation (12) guarantees the BIBO (bounded input bounded output) stability of the feedback loop in Figure 9 . This is a crucial point for the theorems regarding the structured singular value. If the BIBO stability is held, then the nominal model is internally stable and theorems related to robust stability and performance can be used. The BIBO stability also guarantees stability of ) , ( K L G F making possible usage of performance weights with integration property implying nonexistence of state-space solutions using DGKF formulae (Doyle et al., 1989) due to zero eigenvalues of appropriate Hamiltonian matrices. Such procedure results in zero steady-state error in the feedback loop with the controller obtained as a solution to equation (12). This technique is neither possible in the scope of the standard µ-synthesis using DGKF formulae, nor using LMI approach (Gahinet and Apkarian 1994) leading to numerical problems in most of real-world applications. The µ-plot and control of the real plant is in Figure 8 and 10. It is apparent that the frequency properties of the controller obtained via the algebraic approach are almost the same as for the D-K iteration. However, it must be considered that the D-K iteration uses the weight without the unstable pole on the imaginary axis. For the weight with unstable pole the µ → ∞ for ω → 0. The real plant control for both controllers are similar, however, the algebraic approach yields lower control signal at the beginning and faster tracking.
SYNTHESIS IN Rps WITH THE POLES IN ONE POINT
Synthesis in R ps with the poles in one point is applied to the nominal plant (2) 
The controller has a high overshoot for step from 0 to 5 V, for the step from 5 to 7 V there is no overshoot. No oscillation of the measured quantity is present (see Figure 12 ). Figure 12 . Control of the real plant for the design in R ps with poles in one point
NASLIN METHOD
The Naslin method for the nominal plant P 27 and the desired overshoot 1% (α = 2.4) yields the PI controller
Control of the real plant exhibits a high overshoot for low temperatures and oscillations (see Figure 13 ). Figure 13 . Control of the real plant for the Naslin method
The Naslin method has 40% overshoot for the step from 0 to 5 V ( Figure 13 ). For the step from 5 to 7 V the overshoot decreases to 10%, which is due to different set point in the upper part of the static characteristic. Both the algebraic µ-synthesis and the D-K iteration yield no overshoot for both steps of the reference (Figure 10 and 11) due to considering parameter uncertainties of the controlled plant. Moreover, the measured quantity has only small oscillations from the set point. Compared to the D-K iteration algebraic approach has smaller control effort at the beginning and faster tracking of the reference signal. 
